Fatty acid compositions of seeds of five taxa of the Juniperus section of the genus Juniperus L. (Cupressaceae), i. e. J. drupacea Lab., J. communis L. var. communis, J. communis var. saxatilis Pall., J. oxycedrus L. subsp. oxycedrus, and J. oxycedrus subsp. macrocarpa (Sibth. & Sm.) Ball, were investigated. Methyl ester derivatized fatty acids of the lipophylic extracts of the five species were comparatively analyzed by capillary gas chromatography-mass spectrometry (GC-MS). Juniperus taxa showed uniform fatty acid patterns, among which linoleic (25.8-32.5%), pinolenic (11.9-24.1%) and oleic acids (12.4-17.2%) were determined to be the main fractions in the seed oils. Juniperonic acid was found to be remarkably high in J. communis var. saxatilis (11.4 %), J. oxycedrus subsp. oxycedrus (10.4 %), and J. communis var. communis (10.1 %). To the best of our knowledge, the present work discloses the first report on the fatty acid compositions of seeds of this Juniperus section grown in Turkey. Although the genus Juniperus L. (Cupressaceae) is represented by 70 species in the Northern Hemisphere, their presence extends to the South, particularly in mountain areas [1a-1c]. In the Turkish flora, the genus is divided into two sections, Juniperus and Sabina Spach. Juniperus contains three species (five taxa), J. drupacea Lab., J. communis L. var. communis, J. communis var. saxatilis Pall., J. oxycedrus L. subsp. oxycedrus, and J. oxycedrus subsp. macrocarpa (Sibth. & Sm.) Ball [2a,2b]. The members of this genus are termed as "Ardıç" in Turkey [2c]. ) J. oxycedrus subsp. oxycedrus A1 Çanakkale: Dardanos, in machie, ca.50 m, 13 June 2009. (AEF 25524) J. oxycedrus subsp. macrocarpa B1 İzmir: Çeşme, around Çiftlikköy, 10-20 m, 25 September 2004. (AEF 23855)
Some Juniperus species are widely used as antitussive, haemostatic, diuretic, antiseptic, stomachic, carminative, hypoglycaemic and antifertility agents, as well as remedies for colds, urinary infection, urticaria dysentery, hemorrhage, leukorrhea and rheumatic arthritis. They are believed in several countries to regulate menstruation and relieve menstrual pain [1c,3a] . In Turkish folk medicine, several Juniperus species have been used in the treatment of various diseases such as bronchitis, colds, cough, gynecological diseases, hemorrhoids, fungal infections and wounds [3b-3e] . Phytochemical studies on Juniperus species have revealed the presence of some pharmacologically active substances, including flavonoids, coumarins, lignans, sterols [1a,1c,4] , terpenoids [1c, 5a-5h] , essential oils [6a-6f] , polysaccharides [7] , some aliphatic and aromatic compounds [1c], and fatty acids [5g, 8a,8b] . The labdane diterpenoid juniperexcelsic acid, isolated from J. excelsa, showed moderate activity against Mycobacterium tuberculosis. Moreover, antifungal and cytotoxic compounds of different parts of Juniperus species have been reported [9a,9b] .
Fructus Juniperi, obtained from the ripening berries of J. communis [3a,10a] , is listed in the European Pharmacopoeia under the name of Juniperi pseudo-fructus [10b]. Juniper berries are used as spices, particularly in European cuisine, and according to a FAO document, these fruits are the only spice derived from conifers [6f]. Additionally, a viscous extract, named "pekmez", is prepared from the whole fruits (pericarp and seed) of J. drupacea, and consumed in Turkey [11] .
Since prehistoric time, fats and oils have been used for food preparations, cosmetic formulations, and food technology. They have a major role in human nutrition, as they have the highest energy source of the three basic food supplements (carbohydrates, proteins and fats), are carriers of oil soluble vitamins and contain fatty acids essential for health, which are not manufactured by the human body [12a] . Essential fatty acids (EFAs), such as linolenic (18:3n3), linoleic (18:2n6c) and linolenic (18:3n6), mainly obtained from plant ingredients, have vital significance for human beings. It has been suggested that consumption of a diet, enriched in EFAs, possess beneficial health effects, such as prevention and treatment of cardiovascular, inflammatory (rheumatoid arthritis and ulcerative colitis), autoimmune (atopic dermatitis and psoriasis) and malignant diseases [12b].
To the best of our knowledge, there has been no phytochemical study on the fatty acid composition of the seeds of J. drupacea, J. communis var. communis, J. communis var. saxatilis, J. oxycedrus subsp. oxycedrus, and J. oxycedrus subsp. macrocarpa. The current study presents the results of an investigation on both the nutritional values and useful chemotaxonomic markers of the fatty acid composition of seeds of five Juniperus taxa, collected in Turkey.
The fatty acid compositions of the seed oils of the Juniperus taxa were analyzed by GC-MS and the results are summarized in Table  1 . The seed oil content ranged from 4.5% in J. oxycedrus subsp. macrocarpa to 13.2% in J. communis var. saxatilis. Twentyfour components were identified in J. drupacea, J. communis var. communis, J. communis var. saxatilis, J. oxycedrus subsp. oxycedrus, and J. oxycedrus subsp. macrocarpa, which represented 90.9, 81.6, 95.3, 88.7 and 79.9% of the total oil, respectively. The fatty acid compositions of the Juniperus taxa were found to be similar. The unsaturated fatty acid content of the oils was found to be higher than that of the saturated fatty acids, and was highest in J. communis var. saxatilis (83.7%). In total, 24 different fatty acids, ranging from C 12 to C 30 , were detected and quantified in the seed oils.
The main fatty acids detected were linoleic (25.8-32.5%), pinolenic (11.9-24.1%) and oleic (12.4-17.2%). While the linolenic acid content varied between 0.8-7.8% in the various taxa, the highest was in J. oxycedrus subsp. oxycedrus seed oil. Among the saturated fatty acids, palmitic acid (4.2-7.0%) was the most abundant constituent in the oils. The fatty acid composition of the seed oils of Juniperus taxa was found to be similar.
So far, a few studies on the fatty acid composition of Juniperus species have been reported. In a study by Fujita and Yoshikawa [8a] , the wax of J. rigida was found to contain caprylic, capric, lauric, palmitic and montanoic acids, together with ceryl and myricyl alcohols. In other study, the fatty acid compositions of the leaves of J. communis, J. chinensis and J. sabina were analyzed by GLC, and linolenic, linoleic and palmitic acids were found as major fatty acids. In addition, several unusual fatty acids with a cis-5 ethylenic bond such as taxoleic, pinolenic, coniferonic, podocarpic, sciadonic and juniperonic acids were detected in these leaves oils [8b] . In a separate study, the chemical composition of a hexane extract of the bark of J. brevifolia was examined by GC-MS, after silylation and alkaline hydrolysis. Diterpenoids, aliphatic alcohols and sterols, as well as fatty acids such as palmitic, oleic, stearic and docosanoic acids were reported [5g].
The fatty acid compositions of gymnosperms were characterized by a high proportion of C 18 unsaturated acids. Oleic and linoleic acids were found to exist in high amounts in the unsaturated fraction, along with a substantial proportion of linolenic acid [13a,13b] . In Juniperus species, the most common unsaturated fatty acids are linoleic, linolenic and oleic. The results displayed for the fatty acids of Juniperus seed oil are in accord with previous reports [13a,13c] .
The fatty acid compositions of gymnosperms were characterized by a high proportion of C 18 unsaturated acids. Oleic, linoleic and linolenic acids were found to exist in high amounts in the unsaturated fraction, along with a substantial proportion of palmitic acid [8b,13a,13b] . In Juniperus species, the most common fatty acids are linoleic, linolenic and palmitic. The results displayed for the fatty acids of Juniperus seed oil are in accord with previous reports [8b, 13a,13c] .
To the best of our knowledge, this is the first report on the fatty acid composition of seeds of the Juniperus section, growing in Turkey. Despite the existence of numerous studies on the secondary metabolites, little is known about the fatty acid compositions of Juniperus species. Thus, our study is the first detailed report on the fatty acid profiles of Turkish Juniperus species belonging to Juniperus section, which could be of chemotaxonomic significance.
Experimental
Plant materials: Ripening fruits of the plant materials were collected from the various localities in different seasons in Turkey. The plant materials were identified by Prof. Dr Ayşegül Güvenç. Voucher specimens were deposited in the Ankara University, Faculty of Pharmacy Herbarium (AEF), Turkey. The collection sites and herbarium numbers of the plant samples are given in Table 1 .
Oil extraction and transesterification:
Plant materials were air dried at room temperature in the shade. Fruits were separated as pericarp and seeds, and the seeds (1 g) were powdered, ground with anhydrous sodium sulfate and extracted with light petroleum (bp 40-60°C, Merck Co., USA) for 8 h in a Soxhlet apparatus. The lipophylic extracts were evaporated under vacuum at 40°C and the obtained seed oils were weighed accurately and percentage yields (w/w) calculated. Then, the seed oils were saponified with 0.5 N methanolic NaOH solution by heating on a steam bath, and then boiled for 2 minutes. Subsequently, 2 mL of boron trifluoridemethanol complex (20%, Merck Co., USA) was added and the
